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ABSTRACT 


This  paper  examines  disaggregate  price  equations  in  order  to  test 
whether  the  effect  of  rising  factor  costs  on  output  prices  is  the  same 
for  cost  changes  which  are  viewed  as  permanent  as  for  cost  changes  which 
are  transitory. 

Using  a  spectral  decomposition  of  the  price  and  wage  series,  low 
frequencies  are  identified  with  permanent  effects  while  high  frequencies 
are  transitory.   The  striking  result  is  that  permanent  wage  changes  are 
more  fully  passed  on  to  prices  than  are  transitory  changes. 
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I   In|;roduction 

In  efforts  to  understand  the  process  of  inflation,  economists  have 
estimated  many  wage  and  price  equations  for  different  sectors  and  time 
periods.  These  equations  have  been  used  to  examine  the  effects  of  price 
controls  and  other  macroeconomic  policies.   An  issue  of  particular 
concern  in  any  such  study  is  the  extent  to  which  wage  increases  are 
passed  on  to  higher  prices  and  then  prices  are  a  cause  of  further  Increases 
in  wages.   Descriptions  of  inflation  based  on  the  wage-price  spiral  or 
the  acceleration  hypothesis  assume  that  the  transmission  of  wages  into 
prices  and  prices  into  wages  is  very  substantial.   However,  tests  by 
Solow  [11]  and  Gordon  [3]  suggest  that  the  transmission  may  not  be  so 
great. 

These  studies  and  all  other  such  estimates  have  been  criticized  by 
Lucas  [5],  [6]  for  having  assumed  that  the  behavior  patterns  of  the 
economic  agents  is  unaffected  by  changes  in  policy  or  more  specifically, 
by  changes  in  the  structure  of  the  exogenous  influences.   For  example, 
is  it  reasonable  that  an  economic  agent  will  respond  in  the  same  way  to 
a  percentage  increase  in  prices  if  there  is  a  continuing  inflation  as  if  there 
is  no  systematic  history  of  inflation?   Specifically,  one  would  expect 
the  response  to  an  increase  in  prices  to  be  very  different  depending  on 
whether  it  is  viewed  as  permanent  or  transitory. 

The  major  purpose  of  this  study  is  to  test  the  hypothesis  that 
permanent  and  transitory  variations  in  factor  costs  are  equally  passed 
on  to  output  prices.   A  spectral  decomposition  of  the  data  into  a  low 
frequency  or  permanent  component  and  a  high  frequency  or  transitory 
component  makes  it  possll)le  to  use  an  exact  finite  sample  test  for  the 
differences  between  these  models.   This  method  is  based  on  band  spectrum 
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regresslon  and  is  described  in  detail  in  Engle  [2].   A  simple  exposition 
is  given  in  Section  II. 

A  second  purpose  of  this  paper  is  to  estimate  a  simple  but  attractive 
disaggregate  price  equation.   The  specification  of  microeconomic  price 
equations  for  individual  cities,  eliminates  many  of  the  aggregation  and 
simultaneity  problems  inherent  in  aggregate  studies.   A  side  benefit  is 
the  possibility  of  having  a  series  of  independent  tests  on  the  same 
structural  relationship.  This  model  is  presented  in  section  III. 

Section  IV  describes  the  results  in  terras  of  the  long  run  elasticities 
and  the  timing  of  the  changes  of  factor  costs  and  output  prices-   Section 
summarizes  the  results. 

II  Band  Spectrum  Regression 

Consider  a  linear  regression  model  which  may  be  a  distributed  lag 
model  with  lagged  exogenous  variables 

(1)  y=  x3  +  G        fe'^  N(0,^I) 

In  this  model,  there  are  t  independent  observations  for  different  time 
periods  and  it  is  simple  to  test  the  hypothesis  that  data  from  different 
years  satisfy  the  same  model.   This  is  the  common  Chow-Fisher  test  which 
is  often  used  as  a  criterion  of  stability  for  a  regression  model  over 
time. 

Let  W  be  the  matrix  of  fourier  elements  defined  as 

(2)  W.,  =  1  e^^^^^ 

where  i  =/-l  .   This  matrix  can  be  shown  to  be  unitary  so 

(3)  W^W  =  WW^  =1 

where  t  means  the  complex  conjugate  of  the  transpose.   This  matrix  times 
any  data  vector  will  give  the  fourier  transfrom  of  that  vector  and  thus 
the  square  of  any  such  element  will  be  proportional  to  the  periodogram 
familiar  in  frequency  domain  analysis. 
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Multiplying  by  W  and  writing  x  =  Wx  as  the  fourier  transform  of  x, 
model  (1)  becomes 

(4)  y=  xg  +  e        £NN(0,a  I) 

The  distribution  of  e  is  normal  (although  complex)  because  it  is  a 
linear  combination  of  normal  variates  and  it  has  variance  matrix  a^    from: 

Etf   =  WEeeV  =a^WW  '^=aH. 
Model  (4)  is  also  a  linear  regression  model  where  now  there  are  T  independent 
observations,  each  of  which  corresponds  to  a  different  frequency.   The 
elements  are  amplitudes  and  phases  of  sine  waves  of  different  frequencies 
and  therefore  suggest  how  important  is  each  frequency  component  in  the 
original  time  series.   Altogether  there  is  no  more  and  no  less  information 
in  the  frequency  domain  than  in  the  time  domain. 

In  this  context  it  now  appears  natural  to  consider  leaving  some 
frequencies  out  of  the  regression  in  model  (4).   There  are  a  variety  of 
justifications  for  this  such  as   errors- in-variables  which  are  concentrated 
at  certain  frequencies  or  seasonality  which  may  obey  a  different  model. 
Although  it  has  long  been  recognized  that  regressions  can  be  calculated 
using  only  a  portion  of  the  spectrum,  only  recently  has  Engle  [2]  derived 
a  finite  sample  test  for  the  hypothesis  that  different  frequencies 
satisfy  the  same  model.  The  test  is  again  the  Chow-Fisher  test  which  is 
easily  computed  in  this  case  by  calculating  two  regressions,  one  which 
restricts  the  coefficients  to  be  the  same  at  different  frequencies  and 
produces  residuals  v  and  with  c  degrees  of  freedom,  and  a  second,  which 
allows  them  to  differ  and  produces  residuals  u  with  d  degrees  of  freedom. 
Then  the  statistic 

(5)  (vjv  _-u'u)/c-d'v^  F   ,  , 
c-d,d 

u  u  /d 

^Generally,  this  would  be  two  regressions  whose  residuals  would  be  stacked  or 
added  together  to  form  u. 
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is  distributed  as  F  with  c-d  and  d  degrees  of  freedom  under  the  null 
hypothesis. 

The  use  of  complex  data  in  a  linear   t^&gression  package  might 
present  some  difficulties  but  these  can  also  be  easily  avoided.   Let  A 
be  a  diagonal  matrix  which  has  ones  on  the  diagonal  for  frequencies 
which  are  to  be  included  and  zeroes  elsewhere.   Then  define  x *=W  A  W  x 
which  is  the  inverse  fourier  transform  of  the  x  after  the  appropriate  elements 
are  set  to  zero.   The  matrix  x*  will  be  real  with  length  T  and  is  just 
an  idempotent  transformation  of  x.   Inclusion  of  different  frequency 
bands  will  produce  different  idempotent  transformations  and  these  will  be 
orthogonal  (M  M  =  0)  as  long  as  the  frequency  bands  do  not  overlap 
(A  A  =  0) .   The  least  squares  estimate  of  3  based  on  the  transformed  >,  * 
and  y*  will  be  the  same  as  that  derived  from  (4)  where  some  frequencies  are 
ommitted: 

(6)  3  =  (x*'^x*)""'-  x*'^y* 

=  (x^w'^AWw'^AWx)""'"  x'*^W^AWW^AWy 
=  (x  Ax)    X  Ay. 

Similarly,  the  sum  of  squared  residuals  of  this  model  is  the  same  as 

that  leaving  out  frequencies  //^  model  (4)  : 

(7)  u*  u*  =  u  Au 

Thus  the  test  of  whether  two  frequency  bands  satisfy  the  same  model  is 
a  test  of  whether  two  orthogonal  idempotent  transformations  of  the 
data  satisfy  the  same  model. 

The  purpose  of  this  research  is  to  distinguish  permanent  and  transitory 
components  of  the  data  and  to  test  whether  these  obey  the  same  model.   In  so 
far  as  these  concepts  translate  into  frequencies,  band  spectrum  regression 
provides  a  convenient  test.   Low  f re<iii(.'ni-y  fluctuations  in  tlie  daLu  will  be 
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. gradual  or  trending  components  with  very  high  autocorrelations  and  might 
reasonably  correspond  to  a  "permanent"  component.   Similarly,  high  frequencies 
with  rapid  reversals  and  very  short  term  movements  correspond  to  the  notion 
of  a  "transitory"  component.   Seasonal  fluctuations,  which  also  have  rapid 
changes  but  may  exhibit  different  behavior  are  considered  a  third  band  of 
frequencies.   Regardless  of  whether  the  labels  permanent  and  transitory  provide 
an  adequate  explanation  for  the  behavior  at  low  and  high  frequencies,  the 
test  is  appropriate  for  any  model  and  a  failure  suggests  misspecification 
of  that  model. 

Ill  The  Model  and  its  Properties 

The  purpose  of  this  study  is  to  examine  the  transmission  of  factor 
costs  into  output  prices.   A  rather  simple  price  equation  must  be  derived 
to  use  for  this  test.   In  order  to  assess  the  reliability  of  the  result 
and  the  method,  a  set  of  independent  trials  should  be  undertaken.   In 
this  secion,  a  simple  price  equation  is  derived  for  use  with  regional 
data  on  consumer  and  wholesale  prices  of  food.  It  is  argued  that  this 
approach  provides  a  model  which  is  relatively  free  of  simultaneous 
equation  bias  and  has  the  property  that  it  provides  independent  tests  of 
the  relationship. 

A  great  many  price  equations  have  been  estimated  both  for  aggregate 
and  disaggregated  data.*   In  principle,  these  studies  all  recognize  that 
price  is  jointly  determined  by  demand  and  supply  for  the  commodity. 
However,  it  is  usually  assumed  that  the  industry  is  sufficiently  competitive 
that  price  is  equal  to  marginal  cost  and  that  demand  merely  determines 

*   See  Nordhaus  [7]  for  a  recent  survey  of  the  field.   Other  important 
contributions  areEckstein  and  Wyss  [1],  Hein  and  Popkin  [4]  and  Ripley 
and  Segal  [9]. 
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the  quantity  sold.   This  marginal  cost  or  "mark-up"  model  is  the  basic 
price  equation  in  most  aggregate  models.   In  disaggregate  studies  where 
it  is  compared  with  non-competitive  models  such  as  "target  return  pricing" 
it  usually  does  very  well. 

The  general  form  of  the  marginal  cost  equation  is  just  a  derivative 
of  the  cost  function  yielding 

(8)  p  =  f (q,p  ,p  ,.  .  .p  ) 

1    k 
where  p  is  the  output  price,  q  is  the  quantity  produced,  and  p  ...p  are 

the  prices  of  k  inputs.   Assuming  constant  returns  to  scale,  as  seems 

plausible  for  an  industry  with  many  small  firms,  q  vanishes  from  the 

cost  function.   Specializing  to  two  factors,  labor  and  materials  which 

have  prices  w  andfM,  assioming  Cobb-Douglas  production  technology,  and 

writing  in  terms  of  percentage  rates  of  change,  (8)  becomes 

(9)  p  =  birv\  +  b„w  +  b  . 
^1     2     o 

Here,  b,  and  b„  are  the  shares  of  total  revenue  received  by  materials 
and  wages. or  alternatively,  the  output  elasticities  with  respect  to 
these  factors.   Presumably  these  shares  should  add  to  unity.   For  a 
production  function  which  is  not  Cobb-Douglas,  the  shares  will  depend 
upon  price  and  thus  might  have  a  gradual  change  over  the  sample  period. 
To  allow  for  these  changes  and  for  possible  technical  progress,  a  constant 
is  also  included  in  (9). 

Because  of  the  uncertainty  about  the  future,  price  expectations 
should  presumably  be  used  for  /M  and  w  rather  than  the  exact  data. 
However,  if  expectations  are  formed  from  observations  of  the  past,  then 
distributed  lags  of  input  prices  should  be  allowed.   Similarly,  costs  of 
adjusting  factor  proportions  rapidly  suggest  that  the  output  price  also 
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depends  on  recent  values  of  input  prices.   Writing  (9)  to  incorporate 

lags  which  may  be  different  for  each  factor  and  adding  an  error  term 

yields 

(10)      p  =  b,0(L)m  +  b„0(L)  w  +  b  +  e 
1         z  o 

where  0(L)  and  9(L)  are  polynomials  in  the  lag  operator  L,  the  coefficients 
of  which,  sum  to  unity. 

Equation  (10)  has  been  estimated  by  ordinary  least  squares  by  many 
economists  for  many  sectors.   However,  one  would  generally  expect  rather 
severe  simultaneous  equation  bias  from  this  regression.   The  prices  of 
factors  are  presumably  also  set  by  equilibrating  the  demand  and  supply 
in  these  markets.   Since  the  demand  for  factors  is  merely  a  derived  demand 
by  the  same  producers,  rising  output  prices  may  be  the  cause  rather  than  the 
effect  of  increasing  factor  prices.   Thus,  there  could  be  upward  simultaneous 
equation  bias  in  both  b   and  b„.  Efforts  to  avoid  this  by  specifying  the 
lag  distributions  so  that  they  do  not  include  current  terms  and  so  that 
the  model  appears  recursive,  are  doomed  to  failure  in  the  presence  of 
serial  correlation. 

In  this  paper,  simultaneity  is  minimized  by  considering  output 
markets  which  are  very  small  compared  with  factor  markets  so  that  changes 
in  output  prices  would  have  little  effect  on  the  factor  prices.   I'he 
equations  are  estimated  for  the  consumer  price  level  of  food  in  each  of 
sixteen  cities.   The  factor  market  serving  these  cities  is  therefore  a 
national  factor  market.   The  input  price  for  materials  is  the  price  at 
which  farm  products  can  be  purchased  by  firms  in  any  city.   This  is 
taken  to  be  the  wholesale  price  index  of  foods  and  processed  feeds. 

Labor  factor  markets  are  not  so  clearly  national  markets,  yet  with 
multiregional  unions  and  labor  mobility  between  regions  it  may  be  that  a 


national  wage  rate  is  appropriate.  The  wage  in  industry  20,  food  processing, 
is  taken  as  the  price  of  labor  to  each  city.  Tests  of  an  alternative 
series,  production  workers  wages  in  each  city,  indicate  that  there  jS 

little  difference.   The  choice  of  the  national  variable  at  least  clearly 
resolves  the  simultaneity  issue  and  eliminates  the  possibility  that 
individual  cities  have  different  quality  wage  series  which  might  produce 
spurious  city  differences. 

In  the  next  section,  estimates  of  equation  (10)  explaining  the 
rate  of  change  of  the  consumer  price  index  of  food  in  terms  of  the  rate 
of  change  of  the  wholesale  price  index  of  food  and  the  rate  of  change  of 
wages  in  the  food  industry  are  presented  for  each  of  16  large  US  cities. 
There  are  however,  two  further  issues  of  specification  which  should  be 
mentioned  here. 

Many  price  equations  include  unit  labor  cost  as  a  variable  rather 
than  wage  rates.   These  models  differ  in  that  changes  in  productivity 
are  also  considered  important.   If  technical  progress  proceeds  at  a 
constant  rate,  then  the  effect  merely  goes  into  the  constant  term.   Only 
if  cyclical  productivity  effects  are  considered  will  the  estimated 
equation  differ.   Because  several  studies  such  as  Eckstein  and  Wyss 
[1]  find  that  straight  time  wages  or  "standard  unit  labor  costs"  perform 
better  than  unit  labor  costs,  and  because  city  data  on  productivity 
would  be  very  difficult  to  find,  cyclic  variations  in  productivity  were 
not  considered  in  this  study. 

Recently,  Rowley  and  Wilton  [10]  and  Oi  [8]  have  criticized  the  use 
of  four  quarter  overlapping  rates  of  change  for  all  price  variables. 
Unfortunately,  the  criticism  by  Rowley  and  Wilton  is  based  upon  another 
<X  pfviofvi   assvmiption  about  the  nature  of  the  serial  correlation  in  the 
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model.   This  assumption  is  also  not  supported  by  the  statistics  they 
themselves  present.   The  issue  of  what  form  of  rate  of  change  to  use  is 
merely  an  issue  of  the  serial  correlation  properties  of  the  error  term 
and  one  solution  is  not  obviously  better  than  another  for  all  situations. 
Since  this  study  uses  monthly  data,  the  issue  again  arises.   Two  candidates 
were  considered,  one  month  rates  of  change  and  twelve  month  rates  of 
change.   The  former  was  rejected  for  two  reasons.   First,  the  number  of 
significant  digits  in  the  published  price  data  was  so  small  that  the 
series  of  one  month  rates  of  change  was  zero  for  many  months  in  a  row, 
then  would  be  a  large  number  and  then  was  zero  again.   This  type  of 
discontinous  behavior  was  very  hard  to  model  and  led  to  low  explanatory 
power.   Second,  the  residuals  in  this  case  showed  seasonal  variances 
at  high  frequencies  than  at  low  frequencies  which  can  be  translated  into 
negative  serial  correlation.  Further,  the  residuals  at  the  seasonal  frequencies 
were  still  larger.   The  use  of  twelve  month  rates  of  change  increased 
the  low  frequency  variances  and  decreased  those  at  seasonal  frequencies, 
although  possibly  by  too  much. 

IV  Results 

For  16  large  U.S.  cities,  equation  (10)  was  estimated  to  explain 
the  rate  of  change  in  the  good  component  of  the  consumer  price  index.   The 

sample  period  was  from  the  seventh  month  of  1959  to  the  seventh  month 
of  1971  so  that  the  wage-price  freeze  was  excluded. 

Ordinary  least  squares  estimates  of  the  long  run  elasticities  of  output 
price  with  respect  to  material  and  labor  prices  are  tabulated  for  each  city 
in  the  first  two  columns  of  Table  I.   The  results  are  rather  plausible  with 
the  sum  of  the  coefficients  generally  close  to  one.   The  mean  of  the  sum  over 
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elties  is  .945.   The  share  received  by  materials  is  generally  more  than 
half  as  would  be  anticipated  for  industry  20.   Eckstein  and  Wyss  [1]  derive 
a  figure  of  .58  from  the  1958  input  output  table  as  the  share  which  goes 
to  material  inputs.   This  is  quite  close  to  the  mean  across  citiies  of 
.525. 

To  test  whether  these  results  are  stable  across  frequencies,  the 
same  equations  were  estimated  for  three  mutually  exclusive  frequencies: 
seasonal,  low  and  high.   As  the  data  are  monthly,  there  are  six  frequencies 
at  which  seasonal  variance  can  be  expected,  the  seasonal  harmonics.   In 
terms  of  fractions  of  a  cycle  (or  radians  divided  by  2it),  these  are  at 
frequencies  1/12,  2/12,  3/12,  4/12,  5/12,  6/12.   Excluding  lust  these 
frequencies  is  equivalent  to  seasonally  adjusting  the  data  by  regressing  on 
twelve  seasonal  dummies.   For  a  more  flexible  seasonal  adjustment  procedure, 
a  band  is  excluded  around  each  of  these  frequencies,  and  in  this  case,  a 
width  of  +  .01  cycles  was  chosen  to  represent  the  seasonal. 

The  low  frequency  band  is  designed  to  include  primarily  components 
which  are  considered  "permanent"  changes.   Thus  oscillations  which  have 
a  period  longer  than  one  year  are  designated  low  frequency.   This  therefore 
includes  all  the  trending  and  gradually  evolving  portions  of  price 
f lactations.   The  high  frequencies  are  the  balance  which  all  have  periods 
shorter  than  one  year  but  do  not  have  an  even  number  of  cycles  per  year. 

The  third  column  in  Table  I  gives  the  F  statistic  for  the  test  that 
the  low  and  high  frequency  components  satisfy  the  same  model.   It  is  a 
Chow-Fisher  test  formed  by  comparing  the  sum  of  squared  residuals  In  the 
regression  excluding  only  seasonals  with  the  sum  of  the  squared  residuals 
of  the  low  and  the  high  frequency  regressions.   As  can  be  seen,  11  out 
of  16  are  larger  than  the  99%  point  of  the  F  distribution  and  thus  the 
hypothesis  that  the  true  coefficients  are  the  same  is  highly  unlikely  to 
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BAND  SPECTRUM  REGRESSION  RESULTS  FOR  PRICE  EQUATION 


cpi  =  b,E   0. 


1=  i:  0. 


2    ' 


Total 


wpi   .   +  b„E  0.   waee   .   +  b 

;  0.  follows  a  3   degree  polynomial 


Frequency  bands  as  fraction  of  cycle 

Low:      .0-.073 

Seasonal:  .073-. 093,  .157-. 177,  .240-. 260 

.323-. 343,  .407-. 427,  .490-. 500 

High:      .093-. 175,  .177-. 240,  .260-. 323 

.343-. 407,  .427-. 490 
Total:     .0-.500 


City  ^^1 

Baltimore  .683 

Boston  .350 

Cincinnati  .549 

Detroit  .693 

Houston  .650 

Kansas  City  .588 

New  York  .478 

Philadelphia  .521 

Pittsburgh  .525 

San  Francisco  .390 

/Atlanta  .556 

Cleveland  .669 

Los  Angeles  .2  74 

Seattle  .325 

St.  Louis  .604 

Washington  .548 

Mean  over  Cities    .525 


Low 


.391 
.452 
.496 
.283 
.269 
.163 
.720 
.537 
.622 
.389 
.474 
.497 
.483 
.401 
.126 
.421 

.420 


9,95 


2.01* 

4.31** 

4.84** 

2. 59** 

..75 

2.96** 

3.44** 

3.14** 

1.70 

5.24** 

1.55 

3.42** 

3.  70** 

5,66** 

3.02** 

1.25 


.580 

.497 

.370 

.558 

.441 

.663 

.686 

.430 

.668 

.270 

.553 

.320 

.391 

.843 

.413 

.623 

.487 

.724 

.367 

.494 

.568 

.539 

.573 

.649 

.203 

.630 

.227 

.600 

.534 

.276 

.515 

.546 

.474 


.541 


*  Reject  hypothesis  that  High  and  Low  are  same  with  95%  confidence 
**Reject  hypothesis  that  High  and  Low  are  same  with  99%  confidence 


.574 


High 


.720 

.042 

.587 

-.170 

.624 

.127 

.763 

-.239 

.549 

.252 

.430 

-.352 

.455 

.402 

.599 

.471 

.679 

.305 

.551 

.181 

.527 

.413 

.642 

-.506 

.417 

.103 

.419 

.022 

.615 

.262 

.604 

-.237 

.067 
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be  true. 

In  the  last  four  columns  of  Table  I  are  the  long  run  elastlcites 
for  the  low  and  high  frequency  components.   An  examination  of  these 
figures  should  reveal  the  important  differences  which  are  responsible 
for  the  large  F  statistics.   Some  observations ;.are_immediately  clear. 
The  low  frequency  wage  coefficient  is  larger  than  the  high  frequency 
wage  coefficient  in  every  case,  and  the  mean  elasticity  goes  from  .541 
for  low  frequencies  to  a  very  small  .067  for  high  frequencies.   This 
result  is  very  large  and  systematic.  The  effect  on  prices  of  a  low 
frequency  or  permanent  change  in  wages  is  much  greater  than  the  effect 
of  a.  high  frequency  or  transitory  change. 

For  material  prices  however,  the  effect  is  in  the  other  direction. 
There  is  a  slightly  greater  elasticity  of  output  price  with  respect  to 
material  prices  at  high  frequency  than  at  low  frequency.   This  is  true  in 

13  cities  and  the  means  go  from  .474  for  low  frequency  to  .574  for  high 
frequency.   The  difference  is  much  smaller  and  not  quite  as  systematic 
as  for  wages,  but  it  is  still  a  noticable  effect. 

In  terms  of  the  wage  price  spiral  and  the  net  aggregate  effect,  the 
sum  of  the  elasticities  with  respect  to  input  costs  is  of  interest.   At 
low  frequencies  the  sum  is  greater  than  one  for  nine  cities  whereas  at 
high  frequency  only  one  has  a  sum  greater  than  one.   The  mean  is  1.015 
for  low  and  only  .641  for  high.   Thus  the  total  effect  of  the  wage-price 
spiral  is  much  smaller  at  high  frequencies  than  at  low  frequencies.   A 
high  frequency  change  in  wages  would  be  transmitted  through  the  economy 
into  high  frequency  increases  in  many  prices  but  the  overall  effect 
would  be  much  less  than  at  low  frequencies. 

The  major  empirical  result  is  that  the  elasticity  of  output  price 
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with  respect  to  wages  is  larger  for  permanent  wage  changes  than  for 
transitory  changes  while  for  material  prices  the  transitory  elasticity 
is  slightly  larger. 

A  possible  explanation  for  this  could  be  ventured.   Short  run 
changes  in  material  input  prices  are  marked  up  directly  into  increased 
consumer  prices.   Gradual  changes  in  input  prices  may  however,  allow 
firms  to  substitute  cheaper  inputs,  possibly  from  other  regions,  and  thus 
the  effect  on  consumer  prices  might  be  smaller.   The  elasticity  with 
respect  to  permanent  changes  in  input  prices  would  therefore  be  slightly 
smaller  than  the  elasticity  with  respect  to  transitory  changes. 

Labor  costs  however,  appear  to  behave  in  the  opposite  direction. 
Possibly  because  short  run  changes  in  labor  costs  are  not  noticed  or 
maybe  because  they  are  not  directly  attributable  to  particular  products, 
they  are  hardly  passed  on  to  output  prices  at  all.   The  average  wage 
elasticity  over  all  cities  at  high  frequencies  is  merely  .067.   Long  run 
increases  in  wages  do  have  a  big  effect  which  suggests  that  whatever 
possiblilites  there  are  for  substituting  cheaper  labor  or  non-labor 
inputs  are  vastly  outweighed  by  the  mark  up  for  general  increases  in 
labor  costs.  Thus  the  difference  between  material  and  labor  inputs  rests 
upon  the  ability  of  firms  to  rapidly  perceive  changes  in  input  costs  and 
allocate  these  to  particular  products  relative  to  their  ability  to 
substitute  away  from  a  particular  costly  mix  of  inputs. 

It  is  also  interesting  to  compare  the  estimates  of  the  same  equation 
when  only  the  seasonals  are  used.   The  major  justification  for  using 
seasonally  adjusted  data  is  that  they  satisfy  a  different  model.   All  of 
these  data  are  seasonaly  unadjusted  and  thus  the  seasonal  component 
can  be  used  to  estimate  a  separate  behavioral  model.   Although  the  seasonal 
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variance  is  greatly  reduced  through  the  u.^c  of  12  month  rates  of  change, 
the  procedure  is  applied  to  all  variables  and  thus  the  behavioral  relations 
should  be  unaffected. 

The  long  run  elasticities  for  the  seasonal  and  non-seasonal  components 
are  given  in  Table  II.   The  materials  price  effect  in  the  seasonal  model 
is  larger  than  in  the  non-seasonal  and  in  fact  even  larger  than  in  the 
high  frequency  model.  For  fourteen  of  the  sixteen  cities,  the  seasonal 
elasticity  is  the  largest  of  the  three.   Since  these  are  independent 
estimates,  this  would  be  a  highly  unlikely  outcome  by  chance.   This 
outcome  is  consistent  with  the  story  told  before.  Seasonal  variations  in 
input  prices  are  easily  recognized  and  fully  passed  on  to  output  prices. 

Again,  the  labor  effect  is  small.   Seasonal  variations  in  labor 
costs  have  a  small  effect  on  output  prices.   They  are,  however,  somewhat 
larger  than  the  high  frequency  effect  which  could  represent  some  increase 
in  recognition  or  anticipation  of  seasonal  changes. 

In  the  previous  paragraphs,  the  variations  in  the  long  run  elasticities 
for  different  frequency  bands  have  been  analyzed.   It  is  also  possible  . 
to  look  at  the  shapes  of  the  lag  distributions  to  see  if  there  are 
significant  differences.  For  each  frequency  band  the  same  lag  restrictions 
were  imposed. 

The  lag  distribution  for  wages  was  assumed  to  follow  a  third  degree 
polynomial  with  no  endpoint  restrictions.   The  maximum  lag  of  this 
polynomial  was  taken  to  be   six  months.   Several  tests  indicated  that 
this  was  sufficiently  long  and  flexible  to  capture  the  effects  of  changing 
wages.   The  lag  distribution  on  input  prices  was  unconstrained  with  the 
maximum  lag  being  three  months.   Again,  longer  lags  were  invariably 
insignificant  or  negative. 
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TABLE  II 
SEASONALITY   IN  THE  PRICE  EQUATION 


City 

SeaE 

;onal 

^2 

Baltimore 

.773 

.278 

Boston 

.631 

.101 

Cincinnati 

.908 

.141 

Detroit 

.782 

-.155 

Houston 

.539 

.006 

Kansas  City 

.517 

-.492 

New  York 

.543 

.639 

Philadelphia 

.682 

.487 

Pittsburgh 

.690 

.852 

San  Francisco 

.570 

.616 

Atlanta 

.454 

.310 

Cleveland 

.673 

-.266 

Los  Angeles 

.485 

.191 

Seattle 

.549 

-.158 

St.  Louis 

.735 

.001 

Washington 

.739 

.199 

Non-Seasonal 

\ 

\ 

.636 

.390 

.348 

.458 

.546 

.499 

.692 

.289 

.650 

.269 

.588 

.174 

.477 

.715 

.570 

.533 

.523 

.624 

.388 

.393 

.557 

.474 

.669 

.504 

.271 

.497 

.322 

.413 

.603 

.127 

.546 

.423 

Mean  over  Cities    .642 


.166 


.524 


.424 
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In  Table  III  the  timing  of  the  estimated  lag  distributions  is 
compared  for  different  frequency  bands.   The  low  frequency  estimates  are 
not  included  because  there  is  so  little  information  in  the  data  that  the 
lag  shape  could  not  be  reliably  estimated.   For  the  low  frequency  component, 
the  multicollinearity  between  lagged  values  of  the  same  variable  is  quite 
severe. 

The  lag  distributions  for  wages  often  were  negative  for  some  portion 
of  the  distribution.   Therefore,  measures  of  the  length  of  lag  such  as 
the  mean  lag  do  not  make  sense.   The  simplest  measure  is  the  modal  lag 
which  is  the  lag  at  which  the  largest  effect  is  observed.   For  the 
regressions  using  all  frequencies,  the  modal  lag  of  the  wage  distribution 
is  zero  for  12  cities  which  indicates  that  the  peak  effect  of  a  wage 
change  appears  to  occur  in  the  current  month.   The  average  over  cities 
is  1.1  months. 

In  most  cases  the  modal  lag  is  later  for  the  seasonal  effect  of 
wages  and  in  many  cases,  still  later  for  the  high  frequency  or  transitory 
effect.   This  finding  is  consistent  with  the  story  that  wage  increases, 
especially  short  term  wage  increases,  are  not  immediately  perceived  and 
thus  there  is  more  of  a  lag  for  the  transitory  component. 

The  lag  distributions  for  input  prices  generally  are  all  positive 
and  thus  the  mean  lag  is  a  more  attractive  measure  of  the  timing  than  is 
the  modal  lag.   In  cases  where  there  is  a  negative  coefficient,  this  is 
indicated  on  Table  III  and  the  value  is  not  included  in  the  mean  over 
cities. 

WhiclK'vtT  measure  is  used,  the  lag  of  output  or  consumer  prices 
behind  input  or  wholesale  prices  appears  Lo  be  shorter  at  high  frequencies 
than  in  the  total  regression  and  longer  at  seasonal  frequencies.   Although 
the  differences  are  less  than  a  month,  they  appear  to  be  quite  systematic. 


City 

Baltimore 
Boston 
Cincinnati 
Detroit 
Houston 
Cansas   City 
^ew  York 
Philadelphia 
Pittsburgh 
5an  Francisco 
Atlanta 
Cleveland 
OS  Angeles 
Seattle 
5t.    Louis 
■Washington 


Mode 
Tot 

0 

0 

3 

0 

0 

0 

0 

0 

5 

4 

0 

0 

5 

0 

0 

0 
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TABLE  III 
PRICE  AND  WAGE  LAG  STRUCTURE   (in  months) 


Mode 

Mode 

High 

Seas 

3 

2 

4 

1 

3 

2 

0 

1 

0 

2 

5 

2 

4 

1 

0 

1 

4 

2 

3 

1 

0 

6 

3 

2 

4 

Z 

4 

2 

0 

2 

4 

2 

*fean  over  Cities:  1.1     2.6 
(excluding  for  mean  lag) 


1.9 


I^ode 

Mean 

Mode 

Mean 

Mode 

Mean 

Tot 

Tot 

High 

High 

Seas 

Seas 

1 

1.05' 

1 

1.08 

1 

1.68 

2 

1.85 

0 

1.04 

0 

1.22 

1 

1.27 

0 

.62' 

0 

1.29 

1 

1.34 

0 

.98 

3 

1.66 

1 

1.43 

1 

1.25 

1 

1.90 

0 

1.01 

1 

.54" 

1 

1.09' 

1 

1.21 

1 

.53" 

1 

1.09' 

1 

1.43 

1 

1.09 

3 

1.53' 

0 

.42" 

0 

..66" 

1 

1.27 

1 

.81" 

1 

1.27 

0 

1.28 

1 

1.36 

1 

.97 

1 

1.58 

0 

1.18 

0 

1.08 

2 

1.47 

1 

.66" 

0 

1.37 

1 

1.33 

1 

1.33 

1 

1.22 

3 

1.80" 

1 

1.38 

0 

.84' 

1 

1.35 

1 

1.26 

0 

.97 

0 

1.43 

0.9 


1.32 


0.5 


1.05 


1.2 


'  There  is  a  very  small  negative  lag  weight  which  won't  affect  mean  lag  calculation 
There  is  a  very  large  negative  lag  so  mean  lag  is  not  good  measure 


1.43 
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The  short  lag  for  high  frequenciy  or  transitory  wholesale  price  changes 
is  consistent  with  the  direct  mark-up  model.   These  input  price  changes 
are  immediately  translated  into  consumer  price  increases.   However,  it 
is  not  clear  how  to  understand  the  finding  that  seasonal  changes  are 
passed  on  more  slowly.  One  would  think  that  seasonal  effects  would  be 
more  fully  anticipated  and  therefore  would  be  passed  on  immediately. 

It  is  possible  that  the  institutional  arrangement  for  gathering  the 
data  would  suggest  a  solution.   Wholesale  price  statistics  are  gathered 
the  first  week  of  the  month  while  consumer  prices  are  gathered  in  the 
third  week.   Thus,  if  wholesale  prices  are  passed  on  immediately,  then 
the  observation  of  the  consumer  price  level  must  reflect  wholesale 
prices  subsequent  to  the  monthly  measurement.   Possibly  the  future 
month  should  be  included  to  test  for  this  effect  and  thus,  the  timing 
result  may  be  just  due  to  mlsspecification. 

V   Summary 

Estimates  of  the  plasticites  of  the  consumer  price  of  food  with   respect  to 
wages  and  wholesale  prices  in  the  food  industry  have  been  presented  for  sixteen 

large  U.S.  cities.  Tests  of  the  stability  of  these  elasticities  across 
frequency  bands  suggested  important  differences.   The  data  were  decomposed 
into  low  frequency  or  permanent  changes,  high  frequency  or  transitory 
changes,  and  seasonal  changes.   The  major  findings  were: 

1.  The  long  run  elasticity  of  output  price  with  respect  to  wages 
is  much  larger  for  the  permanent  changes  than  for  the  transitory. 

2.  The  long  run  elasticity  of  output  price  with  respect  to  material 
input  prices  is  slightly  larger  for  the  transitory  component  than 
for  the  permanent  component. 

3.  The  long  run  elasticity  of  the  output  price  with  respect  to 
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both  wages  and  input  prices  are  somewhat  higher  for  seasonals  than 
for  high  frequencies. 

4.  The  timing  of  the  elasticities  of  output  price  with  respect  to 
wages  suggests  that  the  response  to  transitory  changes  in  wages  is 
slower  than  the  response  to  seasonal  changes  which  in  turn  is 
slower  than  the  response  to  the  aggregate  of  all  components. 

5.  The  timing  of  the  elasticities  of  output  price  with  respect  to 
material  prices  suggests  that  the  response  to  transitory  changes  is 
faster  than  the  response  to  the  aggregate  of  all  components  while 
the  response  to  seasonal  changes  is  slower. 

Most  of  these  findings  are  consistent  with  a  story  which  recognizes 
two  effects.   There  is  a  delay  before  the  recognition  of  a  factor  price 
change  and  the  identification  of  the  product  to  which  it  should  be 
attributed.  There  is  also  a  delay  between  the  change  in  the  factor  cost 
and  the  ability  of  the  firm  to  substitute  a  cheaper  mix  of  inputs  and 
therefore  avoid  raising  output  price.   For  material  costs,  the  recognition 
delay  would  be  very  short  and  there  might  eventually  be  possibilities  of 
substituting  cheaper  inputs  such  as  crops  from  other  parts  of  the  country 
or  world.  For  labor,  the  recognition  delay  might  be  much  longer  and  it 
is  not  clear  that  the  possibilities  for  substitution  in  the  long  run  could 
substaintially  reduce  costs. 
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